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FOREWORD 

A need for microsecond t ime disseminat ion in  seve ra l  
Environmental  Science Serv ices  Adminis t ra t ion (ESSA) 
components gave r i s e  to the suggestion that  an  exper iment  
be devised to demonst ra te  the effectiveness of a clock synchron-  
ization sys t em v;tilizinz the  Y 3 ? '  t ransponder  on board  the ATS-1 
e a r t h  synchronous satel l i te .  
tion was confirmed by the Frequency and Time Dissemina-  
t ion Resea rch  Group of the National Bureau  of Standards 
(hTBS). 
NBS group and t h r e e  ESSA groups; the ESSA Resea rch  
Labora tor ies  (ERL), the United States  Coast  and  Geodetic 
Survey (USCGS) and the National Environmental  Satell i te 
Center  (NESC). 
and  NBS and  continuing t e s t s  a r e  planned by NBS. 

The feasibil i ty of this  sugges - 

A pre l iminary  t e s t  was conducted jointly by the 

Additional t e s t s  were  conducted by USCGS 

Prec i s ion  and accu racy  of be t te r  than ten microseconds  
The p resen t  r e p o r t  desc r ibes  a n  have been demonstrated.  

experiment  pe r fo rmed  to  explore  extension of the existing 
technique. P re l imina ry  r e su l t s  a r e  mentioned. 
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ABSTRACT 

Exper iments  a r e  descr ibed  which r epea t  demonstrat ions 
of the effect iveness  of a technique for synchronizing widely 
sepa ra t ed  clocks to be t te r  than 1 0  p s,  and  urhich investigate 
extensions of this technique. 
descr ibed .  
on ATS-1. 

P r e l i m i n a r y  r e su l t s  a r e  
These exper iments  uti l ized the VHF transponder  

iii 
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CLOCK SYNCHRONIZATION EXPERLMENTS AT V H F  UTILIZING 

THE ATS - 1 TRAKSPOh-DER 

DESCRIPTION O F  EXPERIMENT 

Ground t e rmina l s  fo r  these exper iments  were  located a t  Goldstone Dry 
Lake, California (Stadan and  Venus S i tes ) ,  P i t ca i rn  Island, Anchorage, Alaska and 
Boulder, Colorado. Equipment difficulties experienced by NASA a t  the Stadan 
t e r m i n a l  necess i ta ted  moving the m a s t e r  control  function f r o m  Stadan. 
Anchorage and  Venus a s sumed  the m a s t e r  function a t  var ious  t imes  during the 
exper iment .  
to  be studied. 

Boulder, 

This  pe rmi t t ed  the Round Robin mode of operat ion (descr ibed below) 

A number of clock synchronization methods Lvere investigated.  These 
methods a r e  r e f e r r e d  to a s  Mode I-A, Mode I-B, Mode 11, and Mode I1 Round 
Robin, respect ively.  
Propagat ion delay at V H F  i s  known to be sufficiently s table  for  the accu rac i e s  
d iscussed  in  this  experiment .  Exper imenta l  r e su l t s  were  ver i f ied by t\vo indepen- 
dent clock synchronization methods in  addition to the redundant methods inve s t igat  - 
ed. 
origin.  Second, a microxxrave moonbounce clock synchronization s y s t e m  de signed 

Al l  of these techniques depend on s table  propagation delay. 

F i r s t ,  por tab le  a tomic  clocks w e r e  c a r r i e d  f r o m  a l l  s ta t ions to the t ime 

y J e t  Propuls ion Labora to r i e s  was operated between two of the ground t e rmina l s .  

MODE I-A 

The t ime in te rva l  between a rece ived  m a s t e r  t ick and the s lave clock t ick 
was m e a s u r e d  a t  the slave t e rmina l  (see f igure 1. ) 
equipment,  t ransponder ,  and  propagation delays,  and the t ime offset between the 
m a s t e r  and  s lave clocks.  
a r e  computed using predic ted  values  of the range f r o m  the satel l i te  to the ground 
s ta t ions.  
predict ions.  
It a l s o  h a s  application to a u s e r  who does not wish to revea l  h i s  location by radio 
t r ansmiss ions .  

This t ime in te rva l  includes 

Equipment delays a r e  known, and propagation delays 

The accu racy  of Mode I-A is  affected by uncer ta in t ies  in the range 
This method i s  useful in  a t ime dis t r ibut ion netxvork with many u s e r s .  

The range predict ions could be made avai lable  in  advance of synchronizations 
to specif ic  u s e r s  x-ith known geographical coordinates,  and they could a l s o  be 
published in a f o r m  appropr ia te  for  any number of genera l  u s e r s .  



In the l a t t e r  case  predict ions n.ould probably be made  for  var ious regions of 
the world and would be less  accu ra t e  than f o r  specific u s e r s .  

- I C L O C K  I -4 T R A R S M ! T T E R  I R E C E I V E R  

C L O C K  

T I M E  I N T E R V A L  
M E A S U R I N G  D E V I C E  

Figure  1 

MODE I-B 

The satel l i te  range was m e a s u r e d  by the NASA ground control  s ta t ion during 
the clock synchronization exper iments .  
different f r o m  the predicted range, the propagation delay can  be computed m o r e  
accu ra t e ly  than in  Mode I-A, and  a be t te r  synchronization effected. 

To the extent that  the m e a s u r e d  range is  

This mode i s  useful for  s ta t ions wanting the bes t  synchronization possible  
and  having receiving capabi l i t ies  only. 

MODE I1 
1 

This method of clock synshronizat ion h a s  been repor ted  before  , but was 
repeated in  m o r e  detail  during the course  of these  exper iments .  

Timing information i s  exchanged between p a i r s  of ground s ta t ions by two- 
way communications via the satel l i te .  
direct ly .  The t ime in te rva l  m e a s u r e d  a t  the slave clock, a s  i n  Mode I-A, can 
then be adjusted mos t  accura te ly  for  propagation delay and equipment delay. 

The propagation delay i s  m e a s u r e d  

MODE I1 ROUND ROBIN 

If a network compris ing th ree  o r  m o r e  s ta t ions i s  synchronized s imul ta -  
neously, a redundant synchronization ver i f icat ion i s  inherent .  

Consider  s ta t ions A, B, and  C. F i r s t  the t ime difference i s  m e a s u r e d  
between clocks A and  B, next between B and C, and finally, between C and  A. 
We see  that  A - B = - [(B-C) -k (C-A)] for  valid synchronizations.  

RESULTS 

Mode I1 clock synchronizations with p rec i s ion  and accu racy  be t te r  than 
10  p s  we re  routinely obtained. 

Mode I1 Round Robin synchronizations yielded cumulative e r r o r s  of l e s s  than 
10  p s .  

2 



Fina l  r e s u l t s  in hiode I-A and Mode I-B \vi11 be calculated us ing  predicted 
nd m e a s u r e d  values  for  satel l i te  range \\-hen these range values a r e  available 

*ram NASA. 

The t ime differences between ground s ta t ions were  m e a s u r e d  by t r a n s -  
por t in3  portable  a tomic  clocks f r o m  a l l  other  ground s ta t ions to  NBS, Boulder, 
Colorado. An independent m e a s u r e m e n t  of the t ime difference was effected by 
operat ion of the JPL moonbounce l ink f r o m  the 
Boulder.  

Goldstone Venus s i te  to NBS 

DISCUSSION 

The m a s t e r  t e rmina l  equipment instal led a t  the i-ojave Stadan t e rmina l  
was lef t  intact  for  continuing exper iments .  
instal led a t  station IVWVH, LTBS, ii- Maci, Halxaii. These s ta t ions a r e  staffed by 
personnel  t ra ined  in the operat ion of the equipment.  
s ta t ion a t  NBS, 8oulder ,  Colorado, these s ta t ions f o r m  a n  exper imenta l  network 
whose function is  t o  provide the b a s i s  fo r  continued exper iments .  

A s lave s ta t ion has  recent ly  been 

Together with the slave 

Pre l i rn inary  exper iments  with t racking f i l t e r s  Lvere run  by USCCS and NBS 
i n  January  and F e b r u a r y  1 9 6 8 .  
future  t e s t s .  
7atellite motion h a s  been tes ted  on a p re l imina ry  bas i s .  
zations in  the vicinity of one microsecond have been effected. 

future  work will justify confidence in the technique to that accuracy .  

Although inconclusive, they point the way for  
An improved operating format ,  designed to minimize  the effect of 

Many ver i f ied synchron-  
It is hoped that 
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